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ABSTRACT 
Fire and grazing are common methods used for prairie restoration and conservation. 
However, effects of restoration on grassland invertebrates have been evaluated with mixed 
results. We examined the effects of prairie restoration through fire and grazing and the 
relative contributions of the direct and indirect effects of time since fire on the grassland 
butterfly community of the Loess Hills of Iowa, USA. Both total and habitat-specialist 
(prairie-dependent) butterfly abundance were highest on prairies that were managed with 
grazing and burning, and lowest on those that were only burned. Butterfly species richness 
did not differ among any of the management types. Responses of individual butterfly species 
to management practices were variable. In the best predictive models, both habitat-specialist 
and total butterfly abundance were negatively associated with the percent cover of bare 
ground, total butterfly abundance was positively associated with the percent cover of fortis, 
and habitat-generalist butterfly abundance was positively associated with floral resource 
availability. Areas managed with fire, grazing, or a fire/grazing combination all maintained 
equally species rich, yet compositionally different, butterfly communities. Butterfly 
abundance increased as time since burn increased. The percent cover of warm season grasses 
and bare ground decreased while the cover of cool season grasses, fortis, and litter depth 
increased with time since burn. We used path analysis to examine direct and indirect effects 
of burning. For habitat-specialist species abundance path models, the total indirect effects of 
time since burn through floral resources, warm season grass cover, or bare ground were 
stronger relative to the direct effect of time since burn. The indirect pathway through bare 
ground had higher relative strength than other indirect paths in the models for habitat-
V 
specialist species. . For the habitat-generalist species path models, the direct effect of time 
since burn was stronger relative to the indirect effects. Because of this variation in butterfly 
species responses to different management practices, we do not recommend a single type of 
management that would benefit all species or even all species within habitat-specialist or 
habitat-generalist habitat guilds. Our data illustrate the profound effects, both direct and 
indirect, of fire on; grassland butterfly abundance. 
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CHAPTER ONE: GENERAL INTRODUCTION 
Tallgrass prairie in North America suffered steep declines at the end of the 19t1' 
century as native grasslands were settled and rapidly converted to agriculture (Smith 1981). 
As a result, tallgrass prairie is one of the most endangered ecosystems on earth (Smith 1981; 
Noss et al. 1995). In the past, vast expanses of native grasslands flowed across the 
landscape, but today, the few prairies that remain are small and isolated. For example, the 
land area of Iowa was once 85%prairie (Smith 1981) yet today less than 0.01% of the 
original 12 million hectares of prairie remains (Sampson and Knopf 1994). 
The Loess, Hills of western Iowa contain some the state's largest expanses of 
unplowed native grasslands. This unique landform is composed of fine soil particles, or 
loess, deposited by wind that has blown over glacial melt-water silt from the Missouri River 
bottoms (Mutel 1989). The result is a band of steep ridges and narrow valleys along the 
eastern side of the Missouri River (Orwig 1990). Remnant prairies in the Loess Hills area 
are home to almost 100 species of butterflies (Orwig 1990), including some rare and 
endangered species. Both in the Loess Hills and throughout the state of Iowa, the diversity of 
butterflies has been declining because of habitat destruction and alteration (Schlicht and 
~rwig 1998). 
In their efforts to preserve prairie remnants, land managers have implemented 
management regimes that include re-introducing disturbances such as fire and grazing. Fire 
was historically a part of the prairie ecosystem. However, today native prairie exists only in 
highly fragmented patches and the function of the prairie/grassland ecosystem, as well as the 
adaptations of the organisms within it, may have been compromised. If a fire burns through 
an entire remnant, the only path of escape for grassland animals, if they are able, is into an 
area devoid of native vegetation. The impacts of habitat fragmentation in the tallgrass prairie 
region with respect to the effects of fire are potentially serious for some taxa. In fact, past 
research has shown that fire can have significant negative effects on the species richness and 
abundance of prairie invertebrates. Certain prairie specialist butterfly species, including 
several species of skippers (Oa~isjna~owesheik, Hes~e~ia ottoe, H. dacotae, H. leona~dus, 
At~ytone a~ogos) and the Regal Fritillary (S~eye~ia idal ia) may have suffered negative 
effects from fire and these negative effects continued for approximately 5 years post-fire 
(Swengel 1996). 
The results of research on the effects of grazing on grassland butterfly communities 
have been mixed. Large grazing mammals were present throughout the evolutionary history 
of prairies (Mutel ,1989) and it is possible that some of our prairie remnants have survived in 
part because they were maintained by the grazing of domestic cattle. Some studies have 
found high levels of species richness and abundance with grazing (Debinski and Babbit 
1997; Swengel 1998) and others have found these numbers to be lower on grazed sites 
(Swengel and. Swengel 1999). These differences may be a result of differences in grazing 
lntenSlty. 
My research examined responses of grassland butterflies to restoration efforts using 
fire and grazing. I wanted to determine whether the composition of the butterfly 
communities differed .according to management practices and if so, what vegetative 
components of the habitat were most strongly correlated with butterfly abundance and 
species richness. My research also examined the effects, both direct and indirect, of time 
since burn on grassland butterfly abundance. 
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This research contributes to a greater understanding of how restoration efforts 
influence grassland butterflies. Knowledge about how butterfly communities are responding 
to restoration practices will aid in the successful conservation of this valuable component of 
the tallgrass prairie ecosystem. This research will help provide land managers with the 
information necessary for making decisions regarding which management practices are most 
appropriate for grassland butterfly communities. 
Thesis Organization 
This thesis is composed of four chapters. Chapter one contains a general introduction 
to my thesis research. Chapter two is a paper written to be submitted for publication to the 
journal Biological Conservation. Chapter two examines the responses of the grassland 
butterfly community to prairie restoration efforts using both fire and grazing. Chapter three 
is a paper written for submission to the j ournal Restoration Ecology. Chapter three evaluates 
the relative contributions of the direct effect of time since fire and the indirect effects of time 
since fire through ,vegetation characteristics on grassland butterfly abundance. Chapter four 
contains a general conclusion on the results of my thesis research. There are three 
appendices at the end of this thesis. The first lists woodland butterfly species encountered 
during the study described in chapter two but not included in the analyses. The second is a 
list of woodland butterfly species encountered during the study described in chapter three 
which were excluded from the analyses. The third appendix is a list of all study sites and 
their locations given in UTM (Universal Transverse Mercator) coordinates. All components 
of this thesis including data collection, data analysis, and written text were completed by 
Jennifer A. Vogel with guidance and editorial advice from Diane M. Debinski and Rolf R. 
Koford. 
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CHAPTER TWO: GRASSLAND BUTTERFLY RESPONSES TO PRAIRIE 
RESTORATION THROUGH FIRE AND GRAZING 
A paper to be submitted to Biological Conservation 
Jennifer A. Vogell, Diane M. Debinskil, Rolf R. Koford2, and James R. Miller3
IDepa~tment of Ecology, Evolution and O~ganismal Biology, Iowa State University, Ames, Iowa 50011 USA 
2USGS Iowa Cooperative Fish and Wildlife Research Unit, Iowa State University, Ames, Iowa 50011 USA 
3Depa~tment of Natural Resource Ecology and Management, Iowa State University, Ames, Iowa, 50011 USA 
Abstract 
Tallgrass prairie is one of the most endangered ecosystems on Earth. Restoration of 
prairie remnants through fire and grazing has been implemented as a method to conserve the 
few prairies that remain. We evaluated the effects of prairie restoration through fire and 
grazing on the grassland butterfly community of the Loess Hills of Iowa, USA. Remnant 
prairies managed with one of three techniques (grazing only, burning only, or burning and 
grazing) were surveyed to assess both vegetation characteristics and the butterfly 
communities they supported. Both total butterfly abundance and habitat-specialist (prairie-
dependent) butterfly abundance were highest on prairies that were managed with grazing and 
burning and lowest on those that were only burned. Butterfly species richness did not differ 
among any of the management types. Responses of individual butterfly species to 
management practices were highly variable, with some species having higher abundance in 
burned only areas; while for others abundance was lowest in areas with burned only 
management. In the best predictive vegetative models, both habitat-specialist and total 
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butterfly abundance were negatively associated with the percent cover of bare ground. Total 
butterfly abundance was positively associated with the percent cover of forbs, and habitat-
generalist butterfly abundance was positively associated with floral resource availability. 
Canonical Correspondence Analysis revealed that sites with burned only and grazed only 
management could be differentiated based on their butterfly community composition. The 
results of this study indicate that butterfly communities in each of the three management 
types are equally species rich but that different management practices yield compositionally 
different butterfly. communities. Because of this variation in butterfly species responses to 
different management practices, there is no single type of management that will benefit all 
species or even all species within habitat-specialist or habitat-generalist habitat guilds. 
Introduction 
The tallgrass prairie region of North America is considered to be one of the most 
endangered ecosystems on Earth (Smith 1981; Noss et al. 1995). Located entirely within the 
tallgrass prairie region, the land area of Iowa was once 85%prairie (Smith 1981). The rapid 
settlement and conversion of prairie grasslands to agriculture at the end of the 19th century 
marked a steep decline in tallgrass prairie habitat throughout the region (Smith 1981). For 
example, in Iowa, less than 0.01% of the original 12 million hectares of prairie remains 
(Sampson and Knopf 1994). The Loess Hills of western Iowa contain some the state's 
largest expanses of unplowed native grasslands. This unique landform is composed of fine 
soil particles, or loess, deposited by wind that has blown over glacial melt-water silt from the 
Missouri River bottoms (Mutel 1989). The result is a band of steep ridges and narrow 
valleys along the eastern side of the Missouri River (Orwig 1990). Although the Loess Hills 
area was largely spared from the plow because of its unusual topography and fragile soil, it 
did not emerge from human settlement unscathed. Many of these remaining grasslands have 
historically been used as pastures and hay meadows (Mutel 1989). In their efforts to restore 
Loess Hill prairies, land managers have implemented both fire and grazing as tools to 
invigorate prairie plants and to prevent the encroachment of non-native and woody species. 
Remnant prairies in the Loess Hills area are home to almost 100 species of butterflies 
(Orwig 1990), including some rare and endangered species. The diversity of butterflies in 
the state of Iowa has been declining because of habitat destruction and alteration (Schlicht 
and Orwig 1998). The invertebrate communities of tallgrass prairies are the largest species 
component of biodiversity in the ecosystem and their survival is an important issue for 
conservation (Dietrich 1998; Schlicht and Orwig 1998). Insect responses and, in particular, 
butterfly responses, to prairie restoration via fire and grazing management practices have not 
been widely evaluated. 
Butterflies and Managejnent Practices 
Because fire was historically a part of the prairie ecosystem, it may be reasonable to 
assume that the organisms of this region would have evolved mechanisms that allow them to 
survive during frequent fire events (Panzer &Schwartz 2000). However, considering that 
most of the land in Iowa has been converted for human use and the native habitat exists in 
highly fragmented patches, the function of the prairie/grassland ecosystem, as well as the 
adaptations of they organisms within it, may have been compromised. This could place many 
species at risk from the prescribed burns that are conducted here. 
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Many researchers have become increasingly concerned about the response of insect 
species to fire management in prairie remnants (Dana 1991; Swengel 1996; Panzer 2002). 
Some have even suggested that local populations of insects on fragmented preserves will not 
survive repeated burns conducted for management purposes (Panzer 2002). Of particular 
interest are species that overwinter in a dormant stage or are in an immobile stage in the litter 
layer. These species are most likely to be affected by fire-related mortality (Panzer & 
Schwartz 2000). Recent research suggests that the recovery of insect populations can be 
hastened if burns are planned so that they provide unburned habitat in close proximity and a 
matrix of unburned patches within the burned area (Panzer 2003). It has also been suggested 
that some insect species living within the prairie litter layer can survive even when their 
entire habitat has been burned (Panzer 2003). 
In addition to fire, managers in the Loess Hills have used rotational grazing 
management regimes for many of their lands in an effort to restore native prairie vegetation. 
Managing prairies with grazing can improve both plant species diversity and bird species 
diversity when used in a moderate grazing regime (Solecki and Toney 1986). Because large 
grazing mammals were present throughout the evolutionary history of prairies (Mutel 1989), 
it is possible that some prairie remnants have survived in part because they were maintained 
by the grazing of domestic cattle. However, some researchers have expressed concerns about 
the use of intensive grazing on sensitive invertebrate species (Moffat and McPhillips 1993). 
Many prairies have likely been destroyed or degraded by improper grazing regimes 
(Williams 1997). -The results of research on the effects of grazing on grassland butterfly 
communities have been mixed. Some studies have found high levels of species richness and 
abundance with grazing (Swengel 1998a; Debinski and Babbit 1997) and others have found 
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these numbers to be lower on grazed sites (Swengel and Swengel 1999). It is possible these 
differences are a result of differences in grazing intensity. 
Butte~fl ies as ~ndicato~ Species 
The potential value of butterflies as ecological indicators has been evaluated in 
several studies with positive results (Murphy et al. 1990; Kremen 1992; Kerr et al. 2000; 
Fleishman et a1.2005). Butterflies are useful as ecological indicators because of their high 
degree of association with particular plant species and communities. Because of these close 
associations, butterflies have been used as indicators of habitat alteration and quality. 
Objectives 
Because previous researchers have had mixed recommendations about what types of 
management are appropriate for conserving grassland butterflies, our first objective was to 
determine how grazing and burning management regimes affect butterfly species richness 
and abundance on prairie remnants managed for biological diversity. Second, we wanted to 
characterize the butterfly communities associated with the different management practices 
used in a managed study area. Third, we examined the response of site level vegetation 
characteristics to prescribed management practices as well as butterfly responses to the 
vegetation. 
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Methods 
Study Area 
Butterfly surveys were conducted on prairie remnants located in Plymouth County, 
Iowa, USA at the northern end of the Loess Hills Landform (Figure 1). Specifically, survey 
sites were located on Broken Kettle Grasslands Preserve (more than 1800 hectares or 4,500 
acres, owned and managed by The Nature Conservancy, located in T91N, R48W, Sections 6, 
7, 8, 18, 19 and T91N, R49W, Sections 1, 12, 13, 14), Five Ridge Prairie (approximately 320 
hectares or 790 acres, owned and managed by the Plymouth County Conservation Board, 
located in T91N, R48W, Sections 20, 21, 28, 29), and on adjacent private land. 
A total of 72 survey sites located within 29 management units were surveyed between 
June 1, 2004 and August 15, 2005. The study area was divided into units based on the 
management practices (burned only, grazed only, or burned and grazed) they received. 
Management units ranged in size from approximately 10 to 70 hectares, with an average size 
of 40 hectares. Burned areas were managed with prescribed fires conducted during the fall 
and spring in 2-6 year rotations. Grazed areas received light rotational grazing by domestic 
cattle with stocking rates of approximately one cow/calf pair (one Animal Unit) per four 
hectares (Scott Moats, Director of Stewardship, Iowa Chapter of The Nature Conservancy, 
personal communication). Grazing in this system is used as an ecological management tool 
and grazing intensity is much lighter than in a system where grazing is primarily for 
economic gain. Present management regimes have been in place at the study area for a 
minimum of four years. Within each management unit, survey sites were located using a 
stratified sampling design. Survey sites were randomly located with the restrictions that they 
be at least 150m apart and at least SOm from any unit edge or woody edge. Two survey plots 
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were established in most of the management units. However, for some management units, 
size prevented the placement of more than one survey site using the above criteria. Using the 
above sampling design, there were 16 survey sites in 6 grazed only units, 26 survey sites in 
10 burned only units, and 27 survey sites in 12 burned and grazed units (Figure 1). An 
additional 3 sites were surveyed in one "idle" unit that had not been grazed or burned. Our 
study is part of a larger multi-taxa project (Walker 2005) and the sampling design we used 
was necessary to satisfy the sampling requirements of all portions of the project. 
Butterfly Surveys 
Two rounds of butterfly surveys were conducted each year in June, July, and August 
of 2004 and 2005., Surveys were conducted on warm (21°C to 35°C), sunny (less than 50% 
cloud cover), and calm (winds less than 16km/hr) days between 1000 hrs and 183 0 hrs. 
Weather conditions (temperature, cloud cover, and wind speed) and time of day were 
recorded prior to beginning a survey. Butterflies were surveyed in S Om x S Om plots at each 
survey site. Surveys consisted of two observers walking through the plot in a zig-zag pattern 
while netting individuals observed for 30 minutes (e.g., Debinski and Brussard 1994). 
Butterflies that were observed but not netted were recorded as such. Netted butterflies were 
placed in glassine envelopes with the time of capture recorded for each. At the end of the 
survey, data were recorded for each individual, including the species name, activity at the 
time of capture, and sex (if known). Most butterflies were released at the completion of the 
survey unless their identity could not be confirmed. These individuals were collected as 
voucher specimens and are housed in Dr. Debinski's laboratory at Iowa State University. 
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Vegetation Surveys 
The vegetation at each survey site was measured twice each year in June and July of 
2004 and 2005. Vegetation variables measured include vegetation height, litter depth, 
percent cover of warm season grasses, percent cover of cool season grasses, percent cover of 
native forbs, percent cover of exotic forbs, percent shrub cover, percent cover of litter, and 
percent cover of bare ground. Vegetation height was measured in decimeters using a Kobel 
pole and a modified version of the Kobel method (Kobel et al. 1970) at Sm and 25m from the 
center of the SOm x SOm plot in each cardinal direction. Similarly, litter depth was measured 
in millimeters using a ruler at Sm and 25m from the center of the plot in each cardinal 
direction. The percent cover variables were measured by placing a O. Sm x O. Sm Daubenmire 
frame (Daubenmire 1959) on the ground at locations Sm and 25m away from the center of 
the plot in each cardinal direction. The percent cover of each vegetation type was determined 
visually within the sampling frame and recorded. For all of the vegetation variables, the 
measurements taken at each of the 8 locations within a plot were averaged for each survey 
site. 
Floral Resource Surveys 
Immediately following each butterfly survey, a floral resource survey was conducted 
on each of the S Om x S Om plots to assess the availability of floral resources on the site. One 
observer walled a one-half meter wide transect diagonally across the survey plot counting 
the number of flowering ramets of all species within the transect. The most abundant 
flowering species names were also recorded. 
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Data 1nalysis 
Butterflies :.,were categorized into three habitat guilds (habitat-specialists, habitat-
generalists, and woodland species) based on their requirements for host plant and floral 
resources (Table 1). Habitat-specialist species correspond with the "habitat-sensitive" 
category and habitat-generalist species correspond with the "disturbance-tolerant" category 
of Ries et al. (2001) and Reeder et al. (2005). Previous uses of the term "disturbance-
tolerant" referred to disturbances such as removal of native habitat. We changed the 
terminology here to prevent misinterpretation of the word "disturbance." Habitat-specialist 
butterflies are those that rely on native prairie plant species for either host or floral resources. 
Habitat-specialist species are found primarily in high quality prairie habitat. Habitat-
generalist butterfly species utilize a variety of common plant species for their host and floral 
resources. Habitat-generalist species are found in a wide variety of open habitats including 
yards, roadsides, and disturbed areas. Woodland butterfly species utilize woodland plant 
species for their host and floral resources. Only species in the habitat-specialist and habitat-
generalist guilds were included in the analyses. In addition to individual species responses, 
butterfly response variables tested include total abundance, total richness, habitat-specialist 
abundance, habitat-specialist richness, habitat-generalist abundance, and habitat-generalist 
r1c ess. 
We compared butterfly species richness and abundance among the three treatment 
types (burned only, grazed only, and burned and grazed) using Analysis of Variance 
(ANOVA) in SASv8.2 (SAS Institute 1999). Tests were performed for total richness and 
abundance, habitat-specialist richness and abundance, and habitat-generalist richness and 
abundance. Butterfly data were summed over the two rounds for each survey site, averaged 
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for sites within each management unit, and averaged over the two years creating an overall 
average for each management unit. Butterfly species abundances were log transformed when 
necessary to improve the normality of their distributions. For species that had a total 
abundance of greater than 20 individuals summed across all sites over both years and were 
present on at least 40 percent of all sites, ANOVAs were conducted to test for differences in 
their abundance among the three treatment types (see Table 1). Pairwise comparisons were 
made between treatments using Tukey-Kramer adjustments for multiple testing. 
To determine whether local vegetation characteristics differed among the treatment 
types, we performed ANOVAs for each of the measured vegetation variables. Pairwise 
comparisons were made between treatments using Tukey-Kramer adjustments for multiple 
testing. Percent cover vegetation variables were aresin squareroot transformed prior to 
analyses. All local vegetation variables were entered into stepwise linear regressions to 
determine which of them were important in explaining butterfly species richness and 
abundance on our .sites. A significance level of 0.05 was required to enter into any 
vegetation model. . Models were formed for each of the six butterfly community response 
variables. For the most abundant. butterfly species, individual species responses to local 
vegetation characteristics were examined using linear regressions of the mean abundance of 
each species with the environmental variables. 
We used Correspondence Analysis (CA) to assess the differences in butterfly species 
composition among sites. Prior to analysis, rare species (<10 individuals across all sites in 
both years) were eliminated from the dataset. In addition, Canonical Correspondence 
Analysis (CCA) was used to assess the relationships among the environmental variables 
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measured and both butterfly species compostion and treatment type. Both CA and CCA 
ordinations were performed using R-project (R Development Core Team 2004). 
A Forward Stepwise Discriminant Analysis was performed to determine whether the 
sites could be classified into.a particular treatment type based on their species composition. 
Rare species (<10 individuals) were removed prior to analysis. Discriminant Analyses were 
performed using JMPvS.l (JMP 2002). Analyses were conducted first using all three 
treatment types and then using just the burned only and the grazed only treatments. 
Results 
Nearly 4,000 individuals of 51 different butterfly species were observed during our 
surveys in 2004 and 2005. Of the 51 species, 28 were habitat-generalists, 17 were habitat-
specialists, and 6 were woodland species (Table 1). Two habitat-specialist butterfly species, 
S~eye~ia idalia and Ce~cyonis pegala, were the most abundant species encountered, making 
up 40% of the individuals observed. Three species encountered in the study area (S. idalia, 
H. ottoe, and At~ytonopsis hianna) were species of conservation concern in the Iowa 
Department of Natural Resources Draft Conservation Plan (IDNR 2005). 
Butterfly Responses to Management Type 
The total abundance of butterflies was significantly different among the treatment 
types (F=8.07, p=0.002, d~2, 25) with the highest mean abundance occurring in the burned 
and grazed treatment and the lowest in the burned only treatment (Table 2). Total butterfly 
species richness was not significantly different among the treatment types (F=1.51, 
p=0.2411, df=2, 25; Table 2). 
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The abundance ofhabitat-specialist butterflies was significantly different among 
treatment types (F=3.39, p=0.0496, df=2, 25; Table 2). Habitat-specialist butterflies were 
nearly twice as abundant in the burned and grazed treatment than in the burned only 
treatment (Table 2). However, habitat-specialist abundance did not differ significantly 
between the grazed only and burned only treatments or between the grazed only and burned 
and grazed treatments. In addition, the species richness ofhabitat-specialist butterflies was 
not significantly different among the treatments (F=1.69, p=0.20 5 7, df=2, 2 5 ; Table 2) . For 
both habitat-generalist abundance and richness, there were no significant differences among 
the treatments (F=1.68, p=0.2065, df=2, 25; F=0.72, p=0.4977, df=2, 25; Table 2). 
For most individual butterfly species, there were no differences in mean abundance 
among the treatment types (Table 1). However, the mean abundance of Danaus plexip~us in 
grazed only areas was more than twice the abundance in burned only areas. Col ias 
eu~ytheyne had less than half the abundance in burned areas than in burned and grazed areas. 
In addition, C. eu~ythejne abundance in burned only areas were less than one third as high as 
in grazed only areas. Ce~cyonis ~egala also had less than half the abundance in burned areas 
than in grazed only or burned and grazed. The abundance of Speye~ia idal is in burned only 
areas was just half that of burned and grazed or grazed only areas. In contrast, the abundance 
of Speye~ia Cybele was 5 times higher in burned only areas than in burned and grazed areas. 
Both Hes~e~ia ottoe and E~ynnis ho~atius were significantly more abundant in burned only 
areas than in grazed only areas. We found more than 20 times more individuals of H. ottoe 
in burned only areas than in grazed areas and, for E. ho~atius, we did not encounter any 
individuals during surveys in .grazed only areas. 
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Vegetation Responses to Management Type 
The vegetation variables we measured had mixed responses with respect to the 
treatment types (Table 2). Litter depth, percent cover of warm season grass, percent cover of 
cool season grass, percent forb cover, percent litter cover, and percent cover of bare ground 
were all significantly different among the treatment types (Table 2). The burned only 
treatment had significantly higher percent cover of both warm season grasses and bare 
ground than either the grazed only or burned and grazed treatments (Table 2). Also, the 
burned only treatment had significantly lower litter depth and percent cover of cool season 
grasses than either of the other treatments (Table 2). The grazed only treatment had a higher 
percent cover of litter than did the burned only or burned and grazed treatments (Table 2). 
The percent cover of all forbs was significantly lower in the burned only treatment than in 
either of the other two treatment types. This reduced cover of forbs in burned areas was 
driven by exotic forb cover, which was significantly lower in burned only areas than in the 
other treatment types (Table 2). 
Butterfly Species Responses to Vegetation 
The abundances of three habitat-generalist butterfly species, C. eu~ythejne, D. 
~lexi~~us, and Eu~toieta claudia, were significantly positively correlated with floral 
resources (Table 3). Three species, the H. ottoe, St~y~non melinus, and E. claudia, had 
significant negative associations with litter depth while S. idal is and C. ~egala had positive 
ones. Total forb cover was significantly positively correlated with just one habitat-generalist 
species (C. eu~ytheyne), but it was negatively correlated with two other habitat-specialist 
species (E. ho~atius and H. ottoe). Species relationships with the percent cover of bare 
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ground were also mixed, with two species (H. ottoe and S. melinus) having a positive 
association and three species (C. pegala, C. eurytheme, and S. idalia) having negative ones. 
In addition, warm season grass and cool season grass had both positive and negative 
associations with butterfly species. Species that had positive correlations with cool season 
grass (C. pegala, C. eu~ythefne, and D. plexippus) had negative correlations with warm 
season~grass and the species (H. ottoe and E. ho~atius) that had negative correlations with 
cool season grass had positive correlations with warm season grass. No species had any 
significant relationship with vegetation height. 
Vegetation Regression Models 
For total butterfly abundance, the best predictive model included the vegetation 
variables of percent cover of bare ground and percent forb cover (Table 4). In this model, 
total butterfly abundance was negatively associated with bare ground and was positively 
associated with forb cover. When butterfly abundance was examined relative to habitat- 
specialist and habitat-generalist guilds, the models were very different. The best model that 
explained habitat-specialist butterfly abundance included only the percent cover of bare 
ground (Table 4). In this model, habitat-specialist butterfly abundance was negatively 
associated with percent cover of bare ground. For habitat-generalist butterfly abundance, the 
best model included only floral resources and the relationship was positive (Table 4). None 
of the species richness response variables had vegetation variables that met the criteria for 
entry into the model (Table 4). 
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ButteNfly ConcYnunity Composition 
Butterfly community composition differentiated sites according to their treatment 
types, especially between burned only and grazed only sites. Oux Correspondence Analysis 
ordination plots show these differences among sites based on their butterfly community 
composition. The differences are represented as the physical distance in two dimensions 
(CA1 and CA2) of each site with respect to the others on the plot. Sites that are near one 
another have more similar butterfly species compositions than sites that are more distant. 
The Correspondence Analysis ordination plot of site scores for all three treatment types 
shows little separation between grazed only and burned and grazed sites (Figure 2). The 
percent variation explained by the first two axes (CA 1 and CA2) was 34.9%. When just the 
burned only and grazed only treatments are examined, the Correspondence Analysis 
ordination plot of site scores shows distinct separation of the two treatments (Figure 3) and 
the percent variation explained by the first two axes is 41.4%. 
Canonical Correspondence Analysis is similar to the above Correspondence Analysis 
but in addition to using butterfly species composition to differentiate among sites, it also 
constrains the analysis by a set of environmental variables measured for each site. Canonical 
Correspondence Analysis of the burned only versus grazed only treatment revealed a similar 
site pattern to the CA, with the sites separating out by treatment type (Figures 4 and 5). 
When patterns observed on the CA plot are similar those on the CCA plot, it is evidence that 
the environmental variables that have been measured are accounting for the main sources of 
variation in the species data (Ter Braak 1986). On CCA ordination plots, environmental 
variables are indicated with arrows that represent the direction and strength (length of arrow) 
of their correlations. Vegetation variables that were positively correlated with burned sites 
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include percent cover of warm season grass and bare ground (Figure 4). Vegetation 
components positively associated with grazed sites include percent cover of cool season 
grass, forb cover, litter cover, and floral resources (Figure 4). Vegetation height did not 
show correlations with either treatment type (Figure 4). The percent variation explained by 
the first two axes in the CCA was 3 8.9%. 
Our analyses revealed that some butterfly species were more correlated with sites 
from a particular treatment type (Figure 5). For either CA or CCA, species scores can be 
plotted in the ordination space. The location of each species on the plot indicates its 
association with particular sites based on its proximity to them on the plot. Several species 
appear to be more strongly associated with the burned only sites including Saty~ium titus, H. 
ottoe, Celast~ina ladon, Celast~ina neglecta, AtaloPedes cam~est~is, Polites mystic, and E. 
ho~atius (Figure 5). In addition, several species including Lycaena dione, C. eu~ytheme, 
Pail io ~olyxenes, D. ~lexiP~us, Phyciodes tha~os, and Pol ites peckius appear to be 
associated with sites in the grazed only treatment. A maj ority of the species do not appear to 
be more closely associated with sites in a particular treatment and appear clustered in the 
center of the plot (Figure 5). Habitat-specialist butterfly species do not appear to be more 
closely associated with sites in either treatment type (Figure 6). 
Examining the abundance of a small number of butterfly species on each site can 
differentiate the sites into the correct treatment type. When all three treatment types were 
examined, Discriminant Analysis separated sites with 96% accuracy (1 site misclassified) 
using just ten species (Table S). Looking at sites in just the burned only and grazed only 
treatments, with 3 species, the misclassification rate was 0%; all sites were correctly 
classified (Table 6). 
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Discussion 
Community Level Responses to Management 
Some researchers have found the practice of burning tallgrass prairie to be 
detrimental to habitat .specialist butterfly communities. For example, Swengel (1998a) found 
that there were fewer habitat specialist butterflies in burned areas than in grazed and that the 
combined effects of burning and other management practices were varied. Our analyses 
indicate that total butterfly abundance and habitat-specialist butterfly abundance were indeed 
lowest in the burned only areas. However, we did not find differences in the number of 
species that each management type supported. This finding does not suggest that the 
butterfly communities found at sites with different management regimes are homogeneus. In 
fact, even though there were not differences in the number of species among the management 
types, the ordination and discriminant analyses suggest that the composition of butterfly 
communities differed relative to the type of management received, especially between the 
burned only and grazed only treatments. These results are consistent with the idea that 
different management practices tend to favor some species and not others even within the 
same habitat guild. 
Individual Species Responses to Managefnent 
Butterfly responses to different management practices can be highly variable and no 
one management practice has been found to be optimal for all species within a habitat type 
(Schlicht and Orwig 1990; Swengel 1998b). The results of our study are consistent with this 
finding. Within the habitat-specialist guild, individual species responses varied. Of the 
significant habitat-specialist species responses, two species (C. pegala and S. idalia) were 
22 
least abundant in the burned only treatment, while two others (S. Cybele and H. ottoe) were 
most abundant in burned only areas (Table 1). Because specialist species respond to 
management in different ways, Swengel (1998b) has advocated the use of varied 
management practices in order to conserve them. 
One habitat-specialist and species of conservation concern in Iowa, S adalia, had 
lower numbers in the burned only management type. Although rare throughout the state of 
Iowa, S. idalia was one of the most abundant species encountered in our study area. Previous 
studies have also found abundances of S. idalia to be lower in burned areas than in areas with 
alternate management regimes (Swengel 1996; Swengel 1998b) and that moderate grazing 
could potentially have a positive effect on populations due to higher host plant (Viola 
pedatifida) densities on grazed sites (Debinski and Kelly 1998). 
Interestingly, we found another habitat-specialist species, H. ottoe, to have higher 
abundance in areas that received burned only management. In one study on H. ottoe, Dana 
(1991) discovered: that when fuel levels are moderate/low, fires conducted in early spring did 
not cause significant larval mortality and that skipper populations assessed after an early 
spring burn were not lower than pre-burn levels. However, burns conducted at other times of 
the year (i.e. late spring, fall) had more significant negative impacts on H. ottoe larva (Dana 
1991). In addition to direct mortality, indirect mortality of larva from exposure to harsh 
environmental conditions can occur when the litter layer is reduced after a fire (Dana 1991). 
Vegetation Responses to Management 
Management practices, including fire and grazing, have profound influences on the 
vegetation communities of grassland systems. Results of our analyses indicate vegetation 
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characteristics were affected by management practices. These differences were most striking 
when comparisons. were made between the burned only and grazed only management types. 
Burned only sites were characterized by higher cover of both warm season grasses 
and bare ground than grazed sites. Burning tallgrass prairie removes both the litter layer and 
standing dead plant material, exposing the soil surface to the sun. This exposed soil surface 
area results in higher soil temperatures early on in the growing season and leads to earlier 
development of vegetation (Hulbert 1984). Fire can also have significant effects on the 
reproduction of native vegetation. The seed production and flowering of warm season 
grasses is increased by spring burning whereas cool season grasses tend to respond in the 
opposite way (Hulbert 1984; Hulbert 1988). 
In contrast: to the burned sites, grazed only sites had more cool season grasses and 
litter cover. This finding is not surprising given that many pastures have been "improved" by 
the addition of non-native cool season grasses such as B~ofnus ine~Ynis. Our data are 
comparable with other studies on the effects of fire and cattle grazing on the vegetation cover 
of tallgrass prairies. Collins (1987) concluded that management of areas using fire was 
associated with an increased cover of warm season grasses and that areas managed with 
grazing were associated with an increased cover of cool season grasses. The grazing 
intensity in our study area was very low in comparison to areas grazed for economic gain. 
In fact, we found vegetation height was not different among any of the three management 
types illustrating that grazing pressure was indeed very light. We would not expect to find 
similar results. in areas that are grazed for economic purposes. 
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Butterfly Responses to Vegetation 
Individually, butterfly species had diverse responses to vegetation characteristics even 
within the same habitat guild. However, there were some general trends in butterfly 
community responses to vegetation. Most grassland butterflies require adult floral resources 
and caterpillar host plant resources from fortis. Our vegetation models indicate that in terms 
of overall abundance, butterflies are responding to the presence of fortis. In addition, habitat-
generalist butterflies appeared to be responding directly to the abundance of floral resources 
in an area, whereas habitat-specialist butterflies did not exhibit this trend. Since habitat-
generalist butterflies are not as selective about which resources they use, they may move 
around the landscape more readily in response to available floral resources. On the other 
hand, habitat-specialist butterflies maybe tied to a particular area because they require floral 
resources from specific plant species or they must remain in close proximity to host plant 
populations for mating and egg deposition. 
Conclusions and Implications fog Management 
Both butterfly communities and vegetation characteristics differ considerably with 
different. management practices. Prior to human development, prairie ecosystems existed 
across vast landscapes where both fire and grazing shaped prairie habitat. In the past, species 
likely existed in particular microclimates of suitable habitat formed by these natural 
disturbances. Today's prairies exist in small, isolated patches that are widely separated by a 
human dominated landscape. These small patches are expected to function as the once vast 
ecosystem did, maintaining the entire suite of species that once occurred there. However, it 
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is unreasonable to think species that evolved in a wide variety of microhabitats would 
respond in similar ways to habitat management practices. 
Because of the great diversity in butterfly species responses to different management 
practices, we do not recommend a single type of management that would benefit all species 
or even all species of a particular habitat guild. However, our data provide us with the 
opportunity to make some recommendations for grassland butterfly conservation. We found 
that not all habitat-specialist butterfly species were negatively affected by burning. 
Managers should be aware of which butterfly species are present on a particular site and 
which species may be negatively affected by burning prior to implementing management. 
Further exploration of the habitat preferences of some habitat-specialist species may be 
necessary to confirm our findings. 
Although we found that areas managed with both fire and grazing have the highest 
overall abundance, of butterflies, these areas did not have a higher total number of species or 
a higher number ofhabitat-specialist species compared to other management types. The 
butterfly communities supported by areas managed by each of the practices we examined are 
supporting a different suite of butterfly species. Mangers seeking to maximize the number of 
butterfly species could achieve this goal by using multiple types of management wherever 
possible to provide the different microhabitat types utilized by different butterfly species. 
Our study provides information about the responses of adult butterflies to different 
management practices. However, surveys of adult butterflies do not provide insight into the 
relative reproductive success of these species on a particular site. It is possible that habitats 
created by certain management practices are actually population sinks even though adults are 
found there. For example, in an assessment of grassland birds conducted in cooperation with 
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the present study, Walker (2005) found lower abundance of grassland obligate species in 
burned only areas. However, when the nest success of these same species was examined, the 
results were in direct contrast to the relative abundance patterns, with the highest nest success 
occurring in burned only areas. To assess whether butterfly reproduction is different among 
sites with different management, larval surveys could be conducted. Further information on 
the presence or absence of larval stage butterflies would be beneficial in assessing the overall 
effects that management practices have on butterfly populations. 
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Figure 1. Map of study sites with treatment types and butterfly survey locations. All sites 
are located in Plymouth County, Iowa, USA. Study sites include Broken Kettle Grasslands 
Preserve, Five Ridge Prairie, and privately owned land. 
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Figure 2. Correspondence Analysis ordination plot of butterfly community site scores for all 
three treatment types. Butterfly abundances are summed across rounds and averaged for 
survey sites within a management unit and averaged over the two years. Only species with 
abundance of at least 10 individuals across all sites over both years were used in the analysis. 
Burned sites are indicated with solid circles (~), grazed sites with open circles (~), and 
burned and grazed with shaded squares (nF ). 
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Figure 3. Correspondence Analysis ordination plot of butterfly community site scores for 
burned treatment and grazed treatment only. Butterfly abundances are summed across 
rounds and averaged for survey sites within a management unit and averaged over the two 
years. Only species with abundance of at least 10 individuals across all sites over both years 
were used in the analysis. Burned sites are shown as solid circles (+) and grazed sites are 
shown as open circles (~ ), 
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Figure 4. Canonical Correspondence Analysis ordination plot of butterfly community site 
scores for burned treatment and grazed treatment only. Butterfly abundances are summed 
across rounds and averaged for survey sites within a management unit and averaged over the 
two years. Only species with abundance of at least 10 individuals across all sites over both 
years were used in the analysis. Burned sites are shown as solid circles (~+) and grazed sites 
are shown as open circles (~ ). Environmental variables are indicated with arrows that 
represent the direction and strength (length of arrow) of their correlation with the ordination 
plot (loadings on each axis). Environmental variables shown are number of flowering ramets 
(Floral), Vegetation Height (VH), Warm Season Grass (WS), Cool Season Grass (CS), Forb 
Cover (Forb), Litter (L), and Bare Ground (BG). 
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Figure 5. Canonical Correspondence Analysis ordination plot of butterfly species scores for 
burned treatment and grazed treatment. Only species with abundance of at least 10 
individuals across all sites over both years are shown on the plot. Species names are 
abbreviated with the first letter of the genus and the specific epithet. Burned sites are shown 
as solid circles (~) and grazed sites are shown as open circles (~ ). 
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Figure 6. Canonical Correspondence Analysis ordination plot of butterfly species scores 
showing habitat-specialist species as solid triangles and habitat-generalist species as open 
triangles. Only species with abundance of at least 10 individuals across all sites over both 
years are shown on the plot. Burned sites are shown as solid circles (+) and grazed sites are 
shown as open circles (~ ). 
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Table 4. Stepwise Linear Regression on butterfly response variables with environmental 
variables measured at each site. Butterflies are separated into habitat-specialist (HS) and 
habitat-generalist (HG) habitat guilds based on their habitat requirements for food and host 
plants (all species within each habitat guild included). Variables required a significance level 
of <0.05 to enter into the models. *significant at <0.05 level. * * significant at <0.01 level, 
Butterfly Community Variables in Model Response + or - Model R2
Total Abundance Percent Bare Ground 0.49* 
Percent Forb Cover + 
Total Richness No variables met criteria for entry 
HS Abundance Percent Bare Ground 
HS Richness No variables met criteria for entry 
HG Abundance Floral Resources 
HG Richness No variables met criteria for entry 
- 0.33** 
+ 0.30* 
42 
Table 5. Results of Forward Stepwise Discriminant Analysis on all three treatment types 
(Burned, Grazed, and Burned and Grazed). Butterfly species with abundance of less than 10 
individuals across all sites were excluded from the analysis. Butterfly species are listed in 
the order they were selected. Using all ten species listed, one site was misclassified. 
Order of Species Name Misclassification 
Selection Rate 
1 Danaus plexippus 54% 
2 HespeNia ottoe 29% 
3 Speye~ia Cybele 21 
4 Ce~cyonis pegala 18% 
5 Lycaeides melissa 14% 
6 E~ynnis ho~atius 4% 
~ Celast~ina ladon 7% 
8 Vanessa ca~dui 4% 
9 Vanessa atalanta 7% 
10 Polites peckius 4% 
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Table 6. Results of Forward Stepwise Discriminant Analysis on burned only and grazed 
only treatment types. Butterfly species with abundance of less than 10 individuals across all 
sites were excluded from the analysis. Butterfly species are listed in the order they were 
selected. Using just three species, all sites were classified correctly. 
Order of 
Selection 
Species Name Misclassification Rate 
1 
2 
3 
E~ynnis ho~atius 19% 
S~eye~ia Cybele 6% 
~Iespe~ia ottoe 0% 
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CHAPTER THREE: DIRECT AND INDIRECT EFFECTS OF TIME SINCE BURN 
ON BUTTERFLY ABUNDANCE IN TALLGRASS PRAIRIE 
A paper to be submitted to Restoration Ecology 
Jennifer A. Vogell , Rolf R. Koford2, and Diane M. Debinski~ 
~Depa~^tment of Ecology, Evolution and Organismal Biology, Iowa State University, Ames, Iowa 50011 
2USGS Iowa Coope~^ative Fish and Wildlife ReseaYch Unit, Iowa State University, Ames, Iowa 50011 
Abstract 
Fire is an important component in the conservation and restoration of tallgrass prairie 
ecosystems. Evaluations of the effects of prescribed fires on invertebrate taxa, primarily 
insects, in tallgrass prairie have sometimes revealed negative effects. Invertebrate 
communities of tallgrass prairies are the largest species component of biodiversity in the 
ecosystem and survival of invertebrate populations is an important issue for conservation. 
We investigated how both the butterfly community and vegetation composition of tallgrass 
prairie remnants changed in relation to the time (up to 70 months) since prescribed fire. In 
general, butterfly abundance was higher in remnants having higher elapsed time since 
burning. The percent cover of warm season grasses and bare ground decreased while the 
cover of cool season grasses, forbs, and litter depth increased with time since burn. We used 
Path Analysis to evaluate the relative contributions of the direct effect of time since fire and 
the indirect effects of time since fire through changes in vegetation composition on butterfly 
abundance. For habitat-specialist species abundance path models, the total indirect effects of 
time since burn through floral resources, warm season grass cover, or bare ground were 
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stronger relative to the direct effect of time since burn. The indirect pathway through bare 
ground had higher relative strength than other indirect paths in the models for habitat-
specialist species, For the habitat-generalist species path models, the direct effect of time 
since burn was stronger relative to the indirect effects. Our data illustrate the profound 
effects, both direct and indirect, of fire on grassland butterfly abundance. 
Introduction 
Fire is an important component in the persistence of many ecosystems, some of which 
may not exist without it (Sauer 1950), The effects of fire on community composition can be 
profound and have been widely studied. In fire-dependent communities, the role of fire may 
be as important an influence as other environmental factors (Mutch 1970). One such 
ecosystem, dependent on fire for its persistence, is North American Tallgrass Prairie. 
Although early researchers believed that fire was a destructive force in the tallgrass prairie 
ecosystem, more recent research has recognized that fire plays an important positive role in 
the maintenance of tallgrass prairies (Collins and Gibson 1990). In fact, Axelrod (1985) 
recognized that, after climate, fire is the most significant factor that influences the 
composition of tallgrass communities. 
Fij°e Effects on Grassland Vegetation 
Fire has extensive effects on the native vegetation of the North American Tallgrass 
Prairie Region, including effects on the development, productivity, and reproduction of 
native plants, Burning tallgrass prairie removes both the litter layer and standing dead plant 
material, exposing the soil surface to the sun. This exposed soil surface area results in higher 
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soil temperatures early in the growing season and leads to earlier development of vegetation 
(Hulbert 1984; Pauly 1997). 
In addition to earlier development, the removal of dead plant material and increased 
nutrient cycling from burning increases the productivity (the amount of biomass produced) of 
native vegetation as compared to areas that have not been burned (Hulbert 1984). For 
example, in one Iowa prairie remnant (Hayden Prairie, Howard County), comparisons of 
vegetation in burned areas versus those that were unburned showed that unburned 
productivity was just 77% of that in burned areas (Ehrenreich and Aikrrian 1963; Hulbert 
1984). 
Fire also can have significant effects on the reproduction of native vegetation. The 
seed production and flowering of warm season grasses is increased by spring burning 
(Hulbert 1984; Hulbert 1988; Glenn-Lewin et al. 1990). Cool season grasses tend to respond 
in the opposite way; their flowering and reproduction are lessened by spring burning (Hulbert 
1984; Hulbert 1988). As many of the cool season grasses including Kentucky Bluegrass 
(Poa p~atensis) and Smooth Brome (B~omus ine~mis) found on prairie remnants are non-
native invaders, their reduced flowering and reproduction may be a beneficial result of 
prescribed burning. 
Fire Effects on Inve~teb~ates 
Discussing the effects of fire on the native fauna of the tallgrass prairie can be a 
controversial topic. Although the extent of mortality as a direct result of a burn is unknown, 
it is potentially substantial. However, many of the animals native to tallgrass prairies cannot 
survive without high quality habitats in which to live. Fire is an important component in 
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maintaining prairie plant populations and high quality prairie habitats. In one study of 54 
prairie remnants in Wisconsin, up to 60% of the original plant species were lost over the last 
several decades due to fire suppression (Leach and Givnish 1996). In the past, vast expanses 
of native grasslands flowed across the landscape allowing for a mosaic of burned and 
unburned habitat. In today's landscape, prairie remnants are small and isolated. For example, 
the land area of Iowa was once 85%prairie (Smith 1981) yet today less than 0.01 % of the 
over 12 million original hectares of prairie remain (Sampson and Knopf 1994). If a fire 
burns through an entire remnant, the only path of escape for grassland animals, if they are 
able, is into an area devoid of native vegetation. The effects of habitat fragmentation in the 
tallgrass prairie region in combination with the effects of fire may be severe for some taxa. 
Fire effects on invertebrates, primarily insects, in tallgrass prairie have been evaluated 
with mixed results. Many invertebrates spend a significant portion of their life cycles in 
dormant or non-motile stages within prairie vegetation. Unfortunately for these species, the 
times that managers choose to burn grasslands often coincide with these periods of 
immobility, Because of their inability to escape, they are more vulnerable to the direct 
mortality associated with fire (Panzer and Schwartz 2000). Although they may be at greater 
risk from fire, prairie invertebrates are also more dependent on specific plant species, which 
in many cases require fire for survival. Many prairie invertebrates cannot survive the direct 
effects of fire yet they are dependent on fire to maintain their habitat. 
Because fire is an historical part of the prairie ecosystem, it may be reasonable to 
assume that the invertebrate inhabitants of this region have evolved mechanisms that allow 
them to survive during frequent fire events (Panzer &Schwartz 2000). However, 
considering that most of the land in the tallgrass prairie region has been converted for human 
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use and the native habitat exists in highly fragmented patches, the function of the ecosystem, 
as well as the adaptations of the organisms within it, may have been compromised. 
Past researchers have shown that fire can have significant negative effects on the 
species richness and abundance of prairie invertebrates. Certain prairie specialist butterfly 
species, including several species of slcippers (Oarisma powesheik, Hesperia ottoe, H. 
dacotae, H. leonardus, Atrytone arogos) and the Regal Fritillary (Speyeria idalia) have been 
shown to suffer negative effects from fire and that these fire effects continued for 
approximately 5 years post-fire (Swengel 1996). The relative mobility and dispersal ability 
of insects during the adult stage may be a significant factor in mitigating the negative effects 
of fire even for fire-sensitive and specialist species (Swengel 1996). 
Insect populations could potentially recover more rapidly after a fire if prescribed 
burns are planned so that they provide unburned habitat in close proximity and a mosaic of 
unburned patches within the burned area (Panzer 2003). Although on a much smaller scale, 
prescribed fires conducted in this way could mimic the landscape matrix of burned and 
unburned areas in which these species evolved. In addition, some species living within the 
prairie litter layer can potentially survive a fire even when their entire habitat has been 
burned (Panzer 2003). For example, in a study of fire-sensitive insect species, Panzer (2003) 
discovered that up to 88% of non-vagile species survived in situ in his experimental burn 
plots. Prior to this research, mortality was generally assumed to be near 100% for non-vagile 
insects in the prairie litter layer during fires (Moffat and McPhillips 1993). 
Although the short-term responses of insects to fire can be either positive or negative, 
remnant dependent and non-vagile species are most likely to be negatively affected 
immediately after a fire (Panzer 2002). However, in one study, insect populations that were 
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negatively affected by fire had a 68% recovery rate within 1 year of the fire and all 
populations had recovered within 2 years (Panzer 2002). Knowledge of insect population 
recovery times could prove important to land managers when decisions are made about how 
long to wait between prescribed burns. 
The invertebrate communities of tallgrass prairies are the largest species component 
of biodiversity in the ecosystem and their survival is an important issue for conservation 
(Dietrich 1998). Fire suppression has had significant negative effects on prairie communities 
and it is clear that fire may be used to restore and maintain these diverse systems. In doing 
so, however, it is important to consider both the potential negative and positive effects of fire 
on prairie invertebrates. Although fire has been a significant evolutionary force in the 
development of the tallgrass prairie ecosystem, the severe fragmentation and subsequent 
isolation of the remaining small habitats has affected their ability to function as they once 
did. 
Objectives 
Our first objective was to determine how both the butterfly community and vegetation 
composition of tallgrass prairie remnants changed at a site in relation to the elapsed time 
since the site was burned. Fire can affect butterfly abundance both directly through 
immediate mortality and indirectly through its effects on vegetation. To examine these 
relationships in more detail, we wanted to determine the relative contributions of the direct 
effect of time since fire and the indirect effects of time since fire through changes in 
vegetation composition and structure on butterfly abundance. 
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Methods 
Study Area 
Butterfly surveys were conducted on prairie remnants located in Plymouth County, 
Iowa, USA at the northern end of the Loess Hills Landform (Figure 1). Specifically, survey 
sites were located on Broken Kettle Grasslands Preserve (more than 1800 hectares or 4,500 
acres, owned and managed by The Nature Conservancy, located in T91N, R48W, Sections 6, 
7, 8, 18, 19 and T91N, R49W, Sections 1, 12, 13, 14), Five Ridge Prairie (approximately 320 
hectares or 790 acres, owned and managed by the Plymouth County Conservation Board, 
located in T91N, R48W, Sections 20, 21, 28, 29), and on adjacent private land. 
A total of 53 survey sites located within 22 management units were surveyed between 
June 1, 2004 and August 15, 2005. Management units ranged in size from approximately 10 
to 70 hectares, with an average size of 40 hectares, The study area was managed with 
prescribed fires conducted during the fall and spring in 2-6 year rotations (Scott Moats, 
Director of Stewardship, Iowa Chapter of The Nature Conservancy, personal 
communication). Twelve of the management units (27 survey sites) were also managed with 
light grazing by domestic cattle with stocking rates of approximately one cow/calf pair per 
four hectares. Grazing in this system is used as an ecological management tool and grazing 
intensity is much lighter than in a system where grazing is primarily for economic gain. 
Present management regimes have been in place in all units for a minimum of four years. 
Within each management unit, survey sites were located using a stratified sampling design. 
Survey sites were randomly located with the restrictions that they be at least 150m apart and 
at least SOm from any unit edge or woody edge. Two survey plots were established in most 
of the management units. However, for some management units, size prevented the 
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placement of more than one survey site using the above criteria. Using the above sampling 
design, there were 26 survey sites in 10 burned only management units, and 27 survey sites 
in 12 burned and grazed management units (Figure 1). 
Butterfly Surveys 
Two rounds of butterfly surveys were conducted each year during June, July, and 
August in 2004 and 2005. Surveys were conducted on warm (21~C to 35~C), sunny (less than 
50% cloud cover), and calm (winds less than 16km/hr) days between 1000 hrs and 1730 hrs. 
Weather conditions (temperature, cloud cover, and wind speed) and time of day were 
recorded prior to beginning a survey. Butterflies were surveyed in SOm x SOm plots at each 
survey site. Surveys consisted of two observers walking through the plot in a zig-zag pattern 
while netting individuals observed for 30 minutes (e.g., Debinslci and Brussard 1994). 
Butterflies that were observed but not netted were recorded as such. Netted butterflies were 
placed in glassine envelopes with the time of capture recorded for each. At the end of the 
survey, data were recorded for each individual, including the species name, activity at the 
tune of capture, and sex (if known), Butterflies were released at the completion of the survey 
unless their identity could not be confirmed. These individuals were collected as voucher 
specimens and are housed in Dr. Debinski's laboratory at Iowa State University. 
Vegetation Surveys 
The vegetation at each survey site was measured twice each year during June and July 
of 2004 and 2005 to coincide with the peak of cool and warm season grasses. Vegetation 
variables measured include litter depth, percent cover of warm season grasses, percent cover 
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of cool season grasses, percent cover of native forbs, percent cover of exotic forbs, and 
percent cover of bare ground. We chose vegetation components to measure based on their 
likely influences on butterfly abundance. Litter depth was measured in millimeters using a 
ruler at Sm and 25m from the center of the SOm x SOm plot in each cardinal direction. The 
percent cover variables were measured by placing a O.Sm x O.Sm Daubenmire frame 
(Daubenmire 1959) on the ground at locations Sm and 25m away from the center of the plot 
in each cardinal direction. The percent cover of each vegetation type was determined 
visually within the sampling frame and recorded. For all of the vegetation variables, the 
measurements taken at each of the 8 locations within a plot were averaged for each survey 
site. 
Floral Resource Surveys 
Immediately following each butterfly survey, a floral resource survey was conducted 
on each of the 50 x 50 meter plots to assess the availability of floral resources on the site. 
One observer walked aone-half meter wide transect diagonally across the plot counting the 
number of flowering ramets of all species within the transect. The species names of the most 
abundant flowering species were also recorded. 
Data Analysis 
Butterflies were categorized into three habitat guilds (habitat-specialists, habitat-
generalists, and woodland species) based on their requirements for host plant and floral 
resources (Table 1). Habitat-specialist species correspond to the "habitat-sensitive" category 
and habitat-generalist species correspond to the "disturbance-tolerant" category of Ries et al. 
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(2001) and Reeder et al. (2005). Previous uses of the term "disturbance tolerant" referred to 
disturbances such as removal of native habitat. We changed the terminology here to prevent 
misinterpretation of the word "disturbance." Habitat specialist butterflies are those that rely 
on native prairie plant species for either host or floral resources. Habitat-specialist species 
are found primarily in high quality prairie habitat. Habitat-generalist butterfly species utilize 
a variety of common plant species for their host and floral resources. Habitat-generalist 
species are found in a wide variety of open habitats including yards, roadsides, and disturbed 
areas. Woodland butterfly species utilize woodland plant species for their host and floral 
resources. Only species in the habitat-specialist and habitat-generalist guilds were included 
in the analyses. In addition to individual species abundance, butterfly variables tested 
included total abundance and habitat-specialist abundance. 
For each round of butterfly, vegetation, and floral resource surveys for each year, the 
time (in months) since a fire had occurred was determined from manager and land owner 
records. Each survey round for each of the 53 survey sites was assigned the number of 
months since a fire at the time of the survey. Because some sites were managed with 
rotational grazing in addition to fire, we used regression models to assess whether grazing 
effects and the interaction between grazing and time since burn were significantly affecting 
butterfly abundance on these sites. Since these factors were not statistically significant in the 
models, we combined data from sites with both management types in our analyses. Because 
taking an average time since burn for each round and year at each site would obscure the 
effects of interest, we kept the data for rounds and years separate for each site. Analyses 
were first performed on the data separately for each round and year combination. Since the 
results were similar for each of the four subsets of the data, we pooled the subsets into one 
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large dataset. As a result, each site occurs in the data set twice (once for round 1 and once 
for round 2) for each year for a total of 212 data points. 
We examined the relationships of the vegetation variables as well as butterfly 
abundance by guild and individual species to time since burn using linear regression in 
SASv8.2 (SAS Institute 1999). Because the number of sites was not equal across all months 
since burn, a weighted average for each of the variables was calculated for sites within each 
number of months since burn and was used in the regression analyses. In situations where a 
linear regression equation did not adequately describe the relationship, we further examined 
the relationship with a quadratic term added to the regression equation. Individual butterfly 
species abundances were analyzed only if they had abundance of greater than 20 individuals 
summed across both years and were present on at least 40 percent of the survey sites (see 
Table 1 for species that met these criteria). 
To model the relative contributions of direct and indirect effects in the correlations 
between time since burn and butterfly abundance, we used multiple linear regression in 
SASv8.2 (SAS Institute 1999) and Path Analysis. Path Analysis is a statistical method 
originally proposed by Wright (1934) as a way to measure the direct and indirect 
relationships of color pattern inheritance in small mammals. Although the method has not 
been widely used by biologists (Shipley 2000), it is a technique that can effectively test an a 
p~io~i hypothesis about causal relationships among variables (Wootton 1994). Essentially, 
Path Analysis is performed by conducting a series of correlations and multiple regressions to 
test apre-defined hypothesis about the relationships between variables of interest (Wootton 
1994). The result is a method by which the relative strengths of indirect and direct effects 
can be estimated (Wootton 1994). 
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We constructed Path Diagrams (Figure 2) and conducted Path Analysis for a total of 6 
butterfly abundance variables including total abundance, habitat-specialist abundance, and 
the abundance of 4 individual species (Ce~cyonis pegala, Colias eurytheme, Pie~is ~apae, 
and Speye~ia idalia) that had significant correlations with time since burn. To reduce issues 
associated with correlations among independent variables, path models were run on the full 
dataset (212 observations), not on the weighted means. Multiple regressions were run using 
the correlation matrix and standardized beta estimates. Indirect effects were calculated by 
multiplying the correlation (from correlation matrix, Table 2) by the standardized path 
coefficient (Table 3) for each of the three paths tested. The three indirect paths were 
summed to obtain overall indirect effects for each model (see Figure 2). 
Results 
We observed 2779 individual butterflies of 49 species during the study period. Of 
those, 1385 individuals represented 18habitat-specialist species and 1305 individuals 
represented 26 habitat-generalist species (Table 1). In addition, 89 individuals of 5 woodland 
species were observed (Appendix B). The most common species in the study area were C. 
pegala, S. idalia, and C. eu~ytheme (Table 1). Three species encountered in the study area 
(S. idalia, H. ottoe, and At~ytonopsis hianna) were species of conservation concern in the 
Iowa Department of Natural Resources Draft Conservation Plan (IDNR 2005). 
Both total butterfly abundance and habitat-specialist butterfly abundance were 
strongly correlated with time since burn (Figure 3). Of the 15 individual butterfly species we 
tested, 5 species had significant positive correlations with time since burn (Figure 4). 
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The vegetation characteristics that we measured were variable with regard to their 
relationships with time since burn. The percent cover of warm season grasses decreased 
while the cover of cool season grasses increased with time since burn (Figure 5). Not 
surprisingly, litter depth was positively correlated with time since a burn. Total forb cover 
increased with time since burn. When we distinguished between native and exotic forb 
cover, however, the relationships were in contrast to each other (Figures 5 and 6). Native 
forb cover was negatively associated with time since burn, whereas exotic forb cover showed 
a positive relationship (Figure 6). The percent cover of bare ground did not have a simple 
linear relationship with time since burn. Instead, a regression equation that included a 
quadratic term was a better fit to the data (Figure 5). For bare ground, the highest percent 
cover occurred in the first growing season following the fire (<12 months). After the first 
growing season, the percent cover of bare ground decreased dramatically and then leveled off 
(Figure 5). Only one vegetation variable we measured, floral resource availability, did not 
have a significant correlation with time since burn. 
Path Analysis revealed the relative importance of the direct effect of time since burn 
and the indirect effects of time since burn though changes in vegetation composition on 
butterfly abundance. For total butterfly abundance, the direct effect of time since burn was 
stronger relative to the total indirect effects through the vegetative habitat components (Table 
4). However, this does not indicate that the indirect effects were not important. If the 
individual indirect pathways through each of the vegetation components are examined, their 
relative contributions to total butterfly abundance can be determined (Table 4). The indirect 
pathway through bare ground was the most influential in terms of the indirect relationship 
with total butterfly abundance (Table 4). 
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Habitat-specialist butterfly abundance, unlike total abundance, was more influenced 
by the indirect effects of time since burn relative to the direct effect (Table 4). As with total 
abundance, the most important indirect pathway was through bare ground. 
When individual species models were examined, similar patterns emerged in the 
relative strength of direct and indirect effects with regard to habitat guild (Table 4). For the 
habitat-specialist species (C. pegala and S. idalia) examined, the total indirect effects were 
stronger relative to the direct effect. The models for both S. idalia and C. pegala revealed 
that the most important indirect pathway is through bare ground (Table 4). Habitat-generalist 
species (C. eu~ytheme and P. ~apae) abundance was more influenced by the direct effect of 
time since burn than the indirect effects (Table 4). In contrast to the models for habitat-
specialist species, the habitat-generalist species models did not have bare ground as the most 
important indirect pathway. Instead, neither habitat-generalist species had an indirect path 
that appeared to be more important relative to other indirect paths. 
Discussion 
Relatively few studies have evaluated the relationships between species abundance in 
tallgrass prairie and time since burn. An evaluation of small mammal densities on Konza 
Prairie hypothesized that species responses would differ based on their level of sensitivity 
(fire-neutral, fire-negative, or fire-positive) to fire (Kaufman et al. 1990). Kaufman et al. 
(1990) hypothesized that fire-negative species may have low densities immediately following 
a fire with steady increases over the next five years. This proposed scenario for fire-negative 
small mammal species is similar to the relationships we found for grassland butterflies. 
Kaufman et al. (1990) proposed the recovery time for fire-negative species ranged from one 
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to five years with densities returning to pre-fire levels. In our data set, we did not have study 
sites located in areas where more than 69 months (5.75 years) had passed since a fire had 
occurred. However, we suspect that if our sites remained unburned for longer than this 
proposed threshold, we would see a similar leveling off of butterfly abundance as populations 
returned to pre-fire levels. Further evidence for this trend comes from a study by Swengel 
(1996) on grassland butterflies which found specialist species declined immediately 
following a burn and that the effects were evident for 3-5 years or more after the fire. 
With the exceptions of floral resource availability and total forb cover, the 
relationships between time since burn and the vegetation components we measured were 
expected. Although the direction of the association between floral resource availability and 
time since burn was what we expected (negative), the relationship was not statistically 
significant. Flowering activity in fortis has been shown to increase following fire 
(Ehrenreich and Ail~nan 1963; Pemble et al. 1981) and we expected that there would be 
significantly more flowering ramets in our surveys in recently burned areas. In addition, we 
expected forb cover to decrease as time since fire increased. Our expectations about forb 
cover were based on responses of native fortis to fire. Once native forb cover was separated 
out from exotic forb cover, the nature of these relationships became apparent. The positive 
relationship of total forb cover with time since burn is driven by the strong positive 
relationship of exotic fortis to time since burn. 
Although most of the vegetation components responded in predictable ways to time 
since burn, it is interesting that only the relationship with bare ground was not linear. Areas 
surveyed immediately after a fire had high percentages of bare ground throughout the first 
growing season because litter accumulation had been consumed by the fire. After one year, 
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the percent cover of bare ground was dramatically reduced with the addition of litter 
accumulated during the first growing season as well as lush re-growth covering bare areas. 
By the end of the second growing season, the amount of bare ground exposed appears to 
level off. 
Using Path Analysis allowed us to decompose the correlations between time since 
burn and butterfly abundance and determine the relative contributions of direct and indirect 
pathways. For habitat-specialist path models, the indirect effects of time since burn were 
more important relative to the direct effects. Certain indirect pathways had stronger 
influences on butterfly abundance than others. In 4 out of the 6 butterfly abundance models 
evaluated with Path Analysis, the indirect pathway through bare ground was the most 
important of the indirect path effects (Table 4). These findings illustrate the importance of 
certain habitat features, such as bare ground, on butterfly abundance. For example, S. idalia 
is considered to be afire-sensitive grassland butterfly species (Huebschman and Bragg 2000; 
Beilfuss and Harrington 2001) because it exists in dormant stages when most prescribed 
burns are conducted. In addition to the direct mortality of fire on S. idalia eggs and larva, it 
is possible that microclimate conditions influence survival (Kopper et al. 2000). Our data 
indicate that the effects of fire could be acting on S. idalia abundance indirectly through 
changes in the litter layer and exposure of soil surfaces (bare ground). In fact, higher 
temperatures on sunlit patches of bare ground could prove lethal for S. idalia larva (Kopper 
et al. 2000). Also, the absence of an insulating litter layer during harsh winters when larva 
are dormant could be detrimental to survival. For a species of conservation concern, like S. 
idalia, it is important to understand these components of larval survival. 
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The habitat-generalist species path models indicate that the direct effects of time since 
burn for these species are more important relative to the indirect effects of time since burn 
through changes in the habitat. In fact, the indirect pathways in our habitat-generalist species 
models were all close to zero indicating that they have relatively low importance in modeling 
abundance of these habitat-generalist butterflies. This finding is not surprising given that 
habitat-generalist butterfly species are less tied to specific microhabitats or vegetation. 
Changes in these habitat features would have less of an influence on habitat-generalist 
species abundance than habitat-specialist species abundance. 
For fire-sensitive butterfly species, some have proposed the only hope for persistence 
in areas that are burned is in recolonization from nearby unburned areas. In her work, 
Swengel (1996) observed that larger, more vagile habitat-specialist species, like S. idalia, 
were more abundant (among habitat specialists) in areas that were recently burned. Smaller, 
habitat specialist species tended to have the lowest abundance in those same areas, 
presumably because they are less vagile. However, research conducted by Selby (1992) on 
Five Ridge Prairie noted that S. idalia and H. ottoe movement distances were similar. 
Distances moved by H. ottoe ranged between 7m and 1774m and distances for S. idalia were 
between 18m and 1515m allowing for recolonization on this site by both species (Selby 
1992). Our data did not afford us the opportunity to evaluate vagility/size based 
recolonization differences among species as abundances of smaller species were rarely high 
enough to be included in our analyses but future researchers may wish to examine this issue. 
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Conclusion 
In general, butterfly abundance increased as time since burn increased. In our data set 
we did not have data for areas that had been burned longer than 69 months prior to being 
surveyed. Because of this limitation, butterfly abundance appears to have a continually 
increasing relationship with time since burn. These relationships should be interpreted with 
caution as the relationships may level off as butterfly abundances reach pre-burn levels. Our 
data illustrate the profound effects of fire on grassland butterfly abundance. However, it is 
clear from our results that it is not only the direct effects of fire that are of interest in the 
management and conservation of native butterfly species, but also the indirect effects of fire 
that warrant further consideration. 
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Figure 1. Map of study sites and butterfly survey locations. All sites are located in 
Plymouth County, Iowa, USA. Study sites include Broken Kettle Grasslands Preserve, Five 
Ridge Prairie, and privately owned land. 
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Indirect Effects 
e, (residual) 
Butterfly Abundance 
Figure 2. Path diagram of proposed direct and indirect relationships between time since 
burn, vegetative habitat components, and butterfly abundance. All path models in the present 
study were based on this diagram using separate multiple regressions for each butterfly 
abundance variable. Independent variables chosen for inclusion in the path models are: 
Floral Resources (number of flowering ramets), Warm Season Grass (percent cover of warm 
season grasses), and Bare Ground (percent cover of bare ground). 
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Table 1. Butterfly abundance summed across rounds and years. Butterflies are divided into 
habitat categories based on their requirements for host plants and floral resources. *species 
with at least 20 individuals and present on at least 40 percent of study sites. 
Species Name Common Name Habitat Category Abundance 
Family Papilinidae 
Habitat-generalist 7 Papilio polyxenes Black Swallowtail 
Family Pieridae 
Colias eurytheme Orange Sulfur* Habitat-generalist 368 
Colias philodice Clouded Sulfur Habitat-generalist 3 
Eurema Lisa Little Yellow Habitat-generalist 1 
Pieris rapae Cabbage White* Habitat-generalist 86 
Pontia protodice Checkered White Habitat-generalist 4 
Family Nymphalidae 
Danaus plexippus Monarch* Habitat-generalist 46 
Megisto cymela Little Wood Satyr* Habitat-generalist 157 
Cercyonis pegala Common Wood Nymph* Habitat-specialist 689 
Limenitis archippus Viceroy Habitat-specialist 3 
Junonia coenia Common Buckeye Habitat-generalist 5 
Vanessa atalanta Red Admiral* Habitat-generalist 44 
Vanessa cardui Painted Lady Habitat-generalist 36 
Vanessa virginiensis American Lady Habitat-generalist 2 
Chlosyne gorgone Gorgone Checkerspot Habitat-generalist 4 
Phyciodes tharos Pearl Crescent Habitat-generalist 10 
Boloria bellona Meadow Fritillary Habitat-specialist 1 
Speyeria Aphrodite Aphrodite Fritillary Habitat-specialist 1 
Speyeria Cybele Great Spangled Fritillary* Habitat-specialist 41 
Speyeria idalia Regal Fritillary * Habitat-specialist 397 
Euptoieta Claudia Variegated Fritillary* Habitat-generalist 148 
Family Lycaenidae 
Satyrium titus Coral Hairstreak Habitat-specialist 13 
Callophrys gryneus Olive Hairstreak Habitat-generalist 4 
Strymon melinus Gray Hairstreak* Habitat-generalist 87 
Lycaena hyllus Bronze Copper Habitat-specialist 1 
Lycaena dione Gray Copper Habitat-specialist 11 
Everes comyntas Eastern Tailed Blue* Habitat-generalist 111 
Celastrina ladon Spring Azure Habitat-generalist 12 
Celastrina neglecta Summer Azure Habitat-generalist 47 
Lycaeides Melissa Melissa Blue Habitat-specialist 6 
Echinargus Isola Reakirt's Blue* Habitat-generalist 57 
Family Hesperiidae 
Hesperia ottoe Ottoe Skipper Habitat-specialist 91 
Polites peckius Peck's Skipper Habitat-generalist 8 
Polites mystic Long Dash Habitat-specialist 8 
Polites themistocles Tawny-edged Skipper* Habitat-generalist 43 
Polites origenes Crossline Skipper Habitat-specialist 16 
Atalopedes campestris Sachem Habitat-generalist 9 
Anatrytone Logan Delaware Skipper Habitat-specialist 18 
Poanes hobomok Hobomok Skipper Habitat-generalist 1 
Atrytonopsis Manna Dusted Skipper Habitat-specialist 6 
Lerodea eufala Eufala Skipper Habitat-generalist 1 
Thorybes pylades Northern Cloudywing Habitat-specialist 13 
Erynnis horatius Horace's Duskywing* Habitat-specialist 66 
Pyrgus communis Common-checkered Skipper Habitat-generalist 8 
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Table 2. Correlation matrix of all variables used in path analysis including time since burn 
(TSB) in months, number of flowering ramets (Floral), percent cover of warm season grasses 
(WS), percent cover of bare ground (BG), total butterfly abundance (TA), habitat- specialist 
butterfly abundance (HSA), Ce~cyonis pegala abundance, Colias eu~ytheme abundance, 
Pie~is ~apae abundance, and Speye~ia idalia abundance. 
TSB Floral WS BG TA HSA C. pegala C. eu~ytheme P. ~apae S. idalia 
TSB 1.00 -0.04 -0.19 -0.62 0.34 0.33 0.26 0.32 0.32 0.20 
Floral -0.04 1.00 0.03 -0.04 0.11 0.02 0.01 0.11 0.04 0.06 
WS -0.19 0.03 1.00 0.10 0.01 0.01 0.02 -0.26 0.05 -0.01 
BG -0.62 -0.04 0.11 1.00 -0.38 -0.40 -0.32 -0.26 -0.17 -0.26 
TA 0.34 0.11 0.01 -0.38 1.00 0.83 0.67 0.40 0.21 0.50 
HSA 0.33 0.02 0.01 -0.40 0.83 1.00 0.79 0.19 0.12 0.62 
C. pegala 0.26 0.01 0.02 -0.32 0.67 0.79 1.00 0.17 0.15 0.16 
C. eurytheme 0.32 0.11 -0.26 -0.26 0.40 0.19 0.17 1.00 0.08 0.20 
P. ~apae 0.32 0.04 0.05 -0.17 0.21 0.12 0.15 0.08 1.00 0.04 
S. idalia 0.20 0.06 -0.01 -0.26 0.50 0.62 0.16 0.20 0.04 1.00 
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Table 3. Standardized path coefficients and R2 values from multiple linear regressions with 
all variables and time since burn. Standardized path coefficients less than .Ol are listed as 0. 
Independent variables chosen for inclusion in the path models are: Floral Resources (number 
of flowering ramets), Warm Season Grass (percent cover of warm season grasses), and Bare 
Ground (percent cover of bare ground). *significant at p<0.05 level, * *significant at p<0.001 
level, * * *significant at p<0.0001 level. 
Dependent Variable Independent Variables Standardized Path Coefficient 
Model 
R2
Total Butterfly Abundance Floral Resources 0.10 0.18*** 
Warm Season Grass 0.08 
Bare Ground -0.26 * * 
Habitat-specialist Butterfly Abundance Floral Resources 0.01 0.18*** 
Warm Season Grass 0.07 
Bare Ground -0.31 * 
Habitat-specialists 
Ce~cyonis pegala Floral Resources 0 0.12*** 
Warm Season Grass 0.06 
Bare Ground -0.26** 
Speye~ia idalia Floral Resources 0.05 0.07** 
Warm Season Grass 0.03 
Bare Ground -0.21 
Habitat-generalists 
Colias eu~ytheme Floral Resources 0.13* 0.17*** 
Warm Season Grass -0.21 * * 
Bare Ground -0.09 
Pie~is ~apae Floral Resources 0.05 0.12*** 
Warm Season Grass 0.11 
Bare Ground 0.05 
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Table 4. Decomposition of correlations (effect coefficients) between time since burn and 
each of the six butterfly abundance variables. The path effect is the indirect effect of the 
pathway from months since burn through the independent variable listed. Path effects are 
calculated by multiplying the correlation between time since burn and the independent 
variable in the path by the standardized path coefficient for the independent variable (see 
Table 2 for correlation matrix and Table 3 for standardized path coefficients). The total 
indirect effects are summed from all indirect pathways (path effects) in the model. All 
models include the independent variables Floral (number of flowering ramets), WS Grass 
(percent cover of warm season grasses), and BG (percent cover of bare ground). Direct and 
indirect effects sum to the effect coefficient. Path effect of less than 0.01 are listed as 0. 
Dependent Variable Independent Variables 
Path 
Effect 
Total Indirect 
Effect 
Direct 
Effect 
Effect 
Coefficient 
Total Butterfly Abundance Floral 0 0.13 0.20 0.33 
WS Grass -0.01 
BG 0.16 
Habitat-specialist Butterfly Abundance Floral 0 0.18 0.15 0.33 
WS Grass -0.01 
BG 0.19 
Habitat-specialists 
Ce~cyonis pegala Floral 0 0.15 0.11 0.26 
WS Grass -0.01 
BG 0.16 
Speye~ia idalia Floral 0 0.13 0.07 0.20 
WS Grass 0 
BG 0.13 
Habitat-generalists 
Colias euf^ytheme Floral -0.01 0.08 0.24 0.32 
WS Grass 0.04 
BG 0.05 
Pie~is ~apae Floral 0 -0.05 0.37 0.32 
WS Grass -0.02 
BG -0.03 
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CHAPTER FOUR: GENERAL CONCLUSIONS 
The invertebrate community of tallgrass prairies has received more attention from 
researchers and managers as efforts aimed at restoration and conservation of prairie remnants 
have increased. In the past, invertebrates were often overlooked by land managers as targets 
of specific management goals even though they are a substantial component of the ecosystem 
in terms of both biomass and ecosystem services. More recently, insects, and in particular 
butterflies have captured the attention of those involved in habitat restoration and the need 
for their conservation has been recognized. 
Fire and grazing are important tools used by land managers to achieve specific 
restoration and management goals. We found that butterfly responses to fire and grazing 
management regimes were complex. Areas managed with fire, grazing, or a fire/grazing 
combination are all maintaining equally species rich, yet compositionally different, butterfly 
communities. However, for overall butterfly abundance, areas that received a combination of 
fire and grazing management were highest. In addition, areas managed with afire/grazing 
combination had abundances of habitat-specialist butterflies that were twice as high as those 
managed with fire alone. Individual butterfly species also responded in complex ways to the 
restoration techniques and even within habitat guilds, butterflies responded to management 
differently. 
We found that the amount of bare ground present in an area influenced the abundance 
of all butterflies and ofhabitat-specialist butterflies. Percent cover of bare ground is 
negatively related to time since burn. So, the more months that passed since the fire, the less 
bare ground we found. Initially, it might seem that this relationship is fairly simple. Fire 
lcills non-motile larva and we see fewer butterflies as a result. Fire also exposes more bare 
~~ 
ground as the litter layer is burned away. Therefore, the relationship between more bare 
ground and fewer butterflies should be explained by this direct relationship between recent 
fire and butterfly abundance. However, this is only part of what is happening. Our 
decomposition of the relationship between time since fire and butterfly abundance revealed 
an interesting result. The indirect effect of time since burn was stronger relative to the direct 
effect in the models for habitat-specialist butterflies. Also, the indirect pathway through bare 
ground was more important relative to the other indirect paths in the models. In fact, 
exposed bare ground can be detrimental for larval survival in some species. After a fire, 
exposed soil surfaces (especially when blacked by a recent fire) increase temperatures 
creating microclimates that are too warm for larval survival. Larva that either survived the 
fire or emerged from eggs laid after the fire were potentially indirectly affected through the 
amount of exposed bare ground on a site. 
Both butterfly communities and vegetation characteristics differ considerably with 
different management practices. When presented with results such as these, it can be 
difficult for managers to assess what practices they should use if they wish to conserve the 
most diverse and the most abundant butterfly communities on their lands. Although it is not 
within the scope of this research to provide broad management recommendations for all 
grassland butterfly species, it is our hope that this research can facilitate a better 
understanding of how management actions will affect butterfly communities. 
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APPENDIX A: WOODLAND BUTTERFLY SPECIES AND THEIR ABUNDANCE 
FROM CHAPTER TWO 
Table A. Woodland butterfly species and their abundance encountered during surveys for 
study described in chapter one. 
Species Name Common Name Abundance 
Aste~ocampa celtis 
Limenitis a~themis 
Papilio cNesphontes 
Papilio glaucus 
Polygonia comma 
Pompeius ve~na 
Hackberry Emperor 
Red-spotted Purple 
Giant Swallowtail 
Eastern Tiger Swallowtail 
Eastern Comma 
Little Glassywing 
6 
5 
14 
63 
1 
1 
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APPENDIX B: WOODLAND BUTTERFLY SPECIES AND THEIR ABUNDANCE 
FROM CHAPTER THREE 
Table B. Woodland butterfly species and their abundance encountered during surveys for 
study described in chapter two. 
Species Name Common Name Abundance 
AsteNocampa celtis 
Limenitis a~themis 
Papilio c~esphontes 
Papilio glaucus 
Polygonia comma 
Hackberry Emperor 
Red-spotted Purple 
Giant Swallowtail 
Eastern Tiger Swallowtail 
Eastern Comma 
6 
5 
14 
63 
1 
80 
APPENDIX C: UTM COORDINATES OF LOESS HILLS SURVEY SITES 
Table C. UTM (Universal Transverse Mercator) coordinates of Loess Hills butterfly survey 
sites. Treatment type (B=burned only, G=grazed only, BG=burned and grazed) is listed for 
each of the survey sites. 
Survey Site Treatment Management Unit UTM Northing UTM Fasting 
B 1 B 13 4732810.266 207699.352 
B 10 B B3 4737746.462 208269.313 
B 11 B S2 4733208.465 211127.867 
B 12 B S2 4732958.719 211167.897 
B 13 B 19 4733066.367 211555.339 
B 14 B 19 4733274.128 211658.046 
B 3 B 13 4732393.026 208082.782 
B 4 B 13 4732085.734 208342.931 
B 5 B 15 4732245.874 208692.349 
B 6 B 15 4732433.999 208811.231 
B 7 B 15 4732481.277 209108.287 
B 8 B 12 4734823.924 209810.740 
B 9 B B3 4737972.013 208338.010 
BGO1 BG 6 4734725.105 208592.754 
BGO10 BG 1 4736519.465 207666.233 
BGO11 BG 2 4733520.494 206912.038 
BG012 BG 3-4 4733755.494 207657.196 
BG013 BG 3-4 4733313.882 207281.478 
BG014 BG 3-4 4733890.387 207214.483 
BGO 2 BG 6 4734934.034 208578.453 
BGO 3 BG 6 4734968.697 208235.695 
BGO 5 BG 6 4733714.574 208184.208 
BGO 6 BG 8 4733340.458 208399.482 
BGO 7 BG 8 4733250.004 208919.746 
BGO 8 BG 9 4733655.211 208550.847 
BGO 9 BG 9 4736517.345 207660.842 
BGO 4 BG 1 4734439.359 207930.227 
BGR 1 BG 7 4734154.330 208532.785 
BGR 10 BG 10 4733654.610 209029.671 
BGR 11 BG 11 4733839.463 209259.433 
BGR 12 BG B 1 4734068.506 209264.575 
BGR 13 BG B 1 4734010.680 208831.969 
BGR 14 BG B 1 4734056.711 209018.199 
BGR 15 BG Bl 4734274.699 209438.214 
BGR 16 BG B2 4734581.784 209718.225 
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Table C. Continued. 
Survey Site Treatment Management Unit UTM Northing UTM Easting 
BGR 2 BG 7 4734033.301 208377.665 
BGR 3 BG B2 4734907.716 209391.041 
BGR 5 BG M 4735065.141 208899.976 
BGR 5 BG M 4734892.059 209084.710 
BGR 6 BG M 4734892.366 208772.754 
BGR 7 BG 5 4734258.016 207929.674 
BGR 8 BG 5 4734308.406 208106.467 
BGR 9 BG 10 4733152.022 209167.918 
G 1 G KA 4730637.066 211347.358 
G 10 G L 4735014.481 207605.402 
G 11 G L 4734623.947 207426.691 
G 12 G L 4734808.467 207252.260 
G 13 G L 4734930.824 206684.580 
G 14 G L 4734890.864 206513.966 
G 15 G SA 4734171.044 206653.608 
G 16 G SA 4734287.571 206847.155 
G 2 G KA 4729888.160 211229.322 
G 3 G KC 4729301.980 212319.422 
G 4 G KC 4729128.890 212181.491 
G 5 G KB 4736271.270 206093.780 
G 6 G KB 4736580.310 205618.340 
G 7 G SB 4736708.939 206514.862 
G 8 G SB 4737068.434 206619.048 
G 9 G L 473 523 5.792 207161.948 
JC-01 B JC 4731240.653 210030.029 
JC-02 B JC 4731352.298 209736.479 
JC-03 B JC 4731838.309 209818.544 
R2-01 B R2 4731245.830 210430.471 
R2-02 B R2 4731517.242 210317.421 
R2-03 B R2 4731842.580 210085.521 
R3-01 B R3 4731304.868 210683.163 
R3-02 B R3 4731656.569 210550.289 
R3-03 B R3 4731852.282 210403.051 
R4-Ol B R4 4731503.014 211225.573 
R4-03 B R4 4731620.561 211202.481 
R4-04 B R4 4731689.298 211384.735 
RS-01 B RS 4730437.868 209748.942 
RS-02 B RS 4730707.195 209629.785 
RS-03 B RS 4730927.570 209582.699 
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